The enzyme NAD-dependent glycerol-3-phosphate dehydrogenase (GPDH, E.C. 1.1.1.8) catalyzes the interconversion of dihydroxy acetone phosphate (DHAP) and glycerol-3-phosphate (G3P) using NAD as a cosubSummary strate. In the bloodstream form of T. brucei, GPDH is especially important because it is responsible for mainPathogenic protozoa such as Trypanosome and Leishmania species cause tremendous suffering worldtaining the NAD/NADH balance in the glycosome by the oxidation of the NADH produced by glyceraldehyde-3-wide. Because of their dependence on glycolysis for energy, the glycolytic enzymes of these organisms, phosphate dehydrogenase during glycolysis. Blocking GPDH would jeopardize ATP production and also lead including glycerol-3-phosphate dehydrogenase (GPDH), are considered attractive drug targets. Using the adeto the accumulation of DHAP in the glycosome, which may spontaneously convert to methylglyoxylate, a toxic nine part of NAD as a lead compound, several 2,6-disubstituted purines were synthesized as inhibitors of compound that reacts nonspecifically with proteins [22,
showed significantly higher inhibition of LmGPDH than adenine. Before further developing high-affinity inhibitors, the binding modes of three 2,6-dihalogenated purine compounds (FCP, BCP, and BOP) were determined by X-ray crystallography to understand the exact binding modes of these lead compounds. The crystal structures showed that these three inhibitors are binding generally in the same region as the adenosine part of NADH, but the binding mode of each compound differs significantly from that of adenosine part of NADH. wavelength. The Fo-Fc density clearly showed the presinhibitor as well as for 11 out of 16 sulfurs in the protein, with 5 noise peaks above 4 ( Table 1) . The peak heights ence of bound inhibitor, and at 7 , only one peak appeared at the "lower" corner of a triangular density. This of S atoms in the anomalous difference Fourier map are inversely correlated to the refined B factors (Table 1) . peak was taken as the position of the Br atom, because with its 35 electrons, Br was the heaviest element in the Surprisingly, the highest peak in the anomalous difference Fourier map was not from one of the anomalous inhibitor (Figure 2A) . But the position of Cl, even with its 17 electrons, was not obvious from the Fo-Fc density scatterers mentioned above. The strongest peak appeared on the surface of the protein close to the side maps displayed at various contour levels.
Binding Modes of FCP
To and the shape of the densities might be very sensito 2.7 Å (Figure 3B ). The observed ratio increased at tive to small crystal-to-crystal differences and also to higher resolution, probably owing to the increase in erthe molecular rearrangements during the cryocooling rors of the ⌬F A and F measurements.
process. The anomalous difference Fourier map for the whole protein region was calculated to 2.7 Å resolution using the data collected at 1.77 Å wavelength ( Figure 3A) . The
Binding Mode of BOP The data for BOP was collected at 0.91942 Å to maximize peak search program PEAKMAX [33] was used to locate the peaks in the anomalous difference Fourier map. Inthe anomalous signal from Br. A peak from the anomalous difference density appeared in the Fo-Fc density spection of the maps revealed that the anomalous difference Fourier map calculated between 50-2.7 Å showed of BOP, indicating the position of Br in BOP. This anomalous difference peak was clearly visible even at the 10 the highest number of peaks that coincide with the anomalous scatterers while displaying the lowest numlevel and was the only peak in the whole protein region at this contour level (Figure 4) . With only one anomalous ber of noise peaks. The map calculated between 50 and 2.7 Å showed peaks for the Br and Cl atoms of the scatterer (Br) in BOP, the anomalous difference Fourier Overexpression and Purification of LmGPDH Leishmania mexicana glycerol-3-phosphate dehydrogenase (B) The anomalous difference Fourier map (red) contoured at 10 for the whole protein region drawn with the C ␣ model of the LmGPDH (LmGPDH) was overexpressed in E.coli as previously described [37] . The protein was subsequently purified in a single step using a and inhibitor BOP. Carbon, nitrogen, oxygen, and bromine are colored brown, blue, red, and pink, respectively.
SPRINT HS20 cation exchange column. The resulting protein was structures of LmGPDH in complex with FCP, BOP, and BCP were refined to 2.2, 2.5, and 1.9 Å resolutions, respectively (Table 2) .
Data Collection and Refinement
To clarify the identity of the anomalous peak observed in the first A data set to a resolution of 2.2 Å for the LmGPDH:FCP complex LmGPDH:BCP structure, another dataset from a different crystal was collected on the SBC-CAT beam line 19-ID at the Advanced was collected (data set BCP2) to 2.5 Å at ALS using a wavelength Photon Source, Argonne National Laboratory. The data for of 1.7712 Å . The third data set (BCP2) revealed a secondary binding LmGPDH:BOP and LmGPDH:BCP complexes were collected to site for BCP, where two molecules of BCP were observed between 2.3 Å and 1.9 Å resolutions, respectively, at beamline 5.0.1 of the symmetry-related protein molecules. Four BCP molecules were built Advanced Light Source (ALS) at the Lawrence Berkeley National into the structure: BCP1A and BCP1B for the two alternative conforLaboratory. The data were integrated, scaled, and merged with mations in the adenosine binding site and BCP2 and BCP3 for the HKL2000 and SCALEPACK [38] . Intensities were transformed to two molecules in the secondary binding site. Although this data amplitudes using TRUNCATE [39] . Since the crystals were isomorhelped to explain the strong anomalous peak observed in BCP1 phous to the previous LmGPDH crystals upon soaking [13], the data set, it did not give as detailed information about the binding structure of the apo enzyme (1EVY.pdb) was used as the starting modes of the inhibitor at the adenosine binding site, probably bepoint for the structure refinements. After conjugate gradient minimicause of the lower resolution of the data. As in the apo structure, zation and restrained individual B factor refinement using the prothe initial eight residues, the last nine residues (358-366), and the gram CNS [29], sigmaA-weighted Fo-Fc maps were calculated for loop region (294-296) of LmGPDH are disordered in the crystal the three data sets and showed clear density for bound inhibitors. structures and have not been included in the model. A linear satuSecond data sets for the LmGPDH:BOP and the LmGPDH:BCP rated aliphatic molecule was built into an electron density located complexes were collected on SBC-CAT beamline 19-ID at the Adin a well defined hydrophobic pocket, which also appeared in the vanced Photon Source (APS) in the Argonne National Laboratory.
apo LmGPDH structure [13]. The stereochemistry of the models was verified using the software package PROCHECK [44] . At this time the wavelengths were chosen such that anomalous
